Introduction
The growth in the global demand for energy has prompted studies for viable alternatives to replace fossil fuels with renewable sources, such as biofuels, that have less impact on the environment. Brazil stands out for the high percentage of renewable sources (43%) in its energy matrix and is currently the world's second largest producer of biodiesel, applying a mandatory 7% blend with petrodiesel across the country (National Agency of Petroleum -ANP, 2016).
Brazil's diverse climate, arable land and significant unexploited oil reserves mean the country has high biodiesel production potential.
Promising species for biofuel production are gaining ground in the world economy (Carvalho et al., 2012) . In this context, the Barbados nut (Jatropha curcas L.) emerges as an alternative raw material for the production of biodiesel due to the high oil content of its seeds and the physical and chemical characteristics of the oil (Matos et. al., 2010) .
The Barbados nut is used by rural communities for a variety of purposes, including as a biofuel, since its seeds contain 30 to 40% oil, in soil conservation, and as a source of decomposed organic matter rich in nitrogen, phosphorous and potassium. Latex extracted from the stem and branches are used for pharmacological purposes (Openshaw, 2000; Ferreira et al., 2015) . J. curcas is a perennial monoecious plant from the family Euphorbiaceae, which contains approximately 317 genera and 8,000 species (Dehgan and Webster, 1979) . It grows well in dry tropical regions, humid equatorial zones, and arid, rocky terrain (Fao, 2010) . The expansion of commercial exploitation requires the elucidation of basic agronomic aspects not yet available for the species, as well as the development of management techniques that ensure high yields.
Although tolerant to drought, when subject to water restrictions, the Barbados nut exhibits stunted growth, a decline in the number of fertilized flowers and reduced grain yield (Matos et al., 2010) . The development of management techniques that ensure minimum growth even during periods of water scarcity could increase the productivity and profitability of the species. Foliar feeding with silicon (Si) in the Barbados nut and other species seems to play a decisive role in maintaining tissue hydration under drought stress and/or salinity (Bukhari et al., 2015; Carvalho Junior et al., 2014) .
An adequate supply of Si can reduce transpiration by 30% in plant species with altered stomatal movement and cuticle thickness (Ma et al., 2001 ). Silicon applied to leaves forms silica bodies on epidermal cells, accumulating on organs involved in transpiration, improving water use efficiency and increasing drought resistance (Nwugo and Huerta, 2008) . This element also increases antioxidant defenses and stomatal resistance (Gong et al., 2005; Gunes et al., 2007; Crusciol et al., 2009; Mauad et al., 2016 ). Carvalho Junior et al. (2014 studied Barbados nuts treated with Si under salinity and identified changes in the number of leaves and leaf area, but no effect on overall plant growth. Increased resistance to multiple biotic and abiotic stressors in plants treated with Si has yet to be fully elucidated.
The use of silicates in agriculture has been identified as an important tool in the expression of genes for tolerance to abiotic stresses, particularly water deficit. The development of consistent research can validate the recommendation of this innovative management technique by making regions prone to low water availability suitable for the cultivation of commercial species. Thus, it is important to identify and substantiate the role of silicon in tolerance to water deficit. The aim of this study was to evaluate the effect of silicate fertilization on the growth of Jatropha curcas L. seedlings submitted to water deficit.
Results and Discussion
Summaries of analyses of variance and tests to compare the means of plants with and without silicon for the variables: biomass, stem diameter, number of leaves, leaf area, relative water content in the leaf, root mass ratio, leaf mass ratio, leaf chlorophyll a+b content, carotenoids and transpiration are shown in Tables 1 and 2 . Treatment with silicon caused no changes in any of the variables studied and interaction between silicon treatment and the volume of water applied was only evident for the variables stem diameter and transpiration. The beneficial effects of Si have been demonstrated in several plant species, particularly those submitted to biotic and/or abiotic stressors (Ma et al., 2016; Teodoro et al., 2013) . However, in the present study Si showed no beneficial effects in Barbados nut plants. Moreover, it is important to underscore that the element did not minimize the effects of drought stress and the drought tolerance exhibited by Jatropha curcas is independent of Si supply, as discussed below. Water availability directly affected plant growth. Regardless of Si dose, biomass accumulation, number of leaves, stem diameter and leaf area exhibited a linear decline proportional to the decrease in water supply.
The regression curves for the growth variables biomass, leaf number, stem diameter and leaf area are shown in Fig. 1 . Regardless of Si treatments, biomass, number of leaves, stem diameter and leaf area declined linearly as water availability decreased. Plants treated with Si and untreated plants showed similar results, with no statistical significance observed. Only stem diameter showed a correlation between treatment with silicon and the volume of water applied, with both curves increasing and very similar. Regression curves for the variables transpiration, leaf carotenoid content, root and leaf mass ratio are shown in Fig. 2 . Leaf transpiration and the leaf area index exhibited a significant linear decrease with the decline in water availability, whereas leaf carotenoid content and root mass ratio increased with reduced water availability. Only leaf transpiration displayed interaction between treatment with silicon and the volume of applied water. In general, Si-treated plants showed similar results to untreated plants, albeit with no statistical difference.
The reduction in the leaf mass ratio, number of leaves and leaf area occurs because water is needed to initiate and expand leaf primordia. The high stomatal sensitivity of Jatropha curcas combined with the reduced biomass partitioned to the leaves contributed to decreasing transpiration and maintaining water status. Among the morphological changes observed during drought stress, the reduced size and smaller number of leaves were the most significant (Santana et al., 2011; Souza et al., 2015; DiazLópez et al., 2012) . Despite the difference in volume of water supplied in the treatments, relative water content showed no variation and Shy regression fit with clear dehydration delay signals. According to Matos et al. (2014) , delayed dehydration is the primary drought tolerance strategy of Barbados nut plants. Reduced transpiration in plants subject to drought stress is associated with high stomatal sensitivity and less biomass partitioning to the leaves. Low transpiration enables sufficient hydration for plant metabolism and growth (Matos et al., 2016) .
High stomatal sensitivity and reduced transpiration may have occurred in parallel to the low CO 2 assimilation rate and resulting decline in biomass accumulation in plants subject to drought stress. However, continued hydration and reduced growth in the aerial parts were necessary for root growth and the allocation of assimilates to the root system. Greater root growth raises the soil volume used and increases the likelihood of the root system's reaching wet conditions, an important mechanism in drought tolerance (Diaz-López et al., 2012; Matos et al., 2014) .
Delayed dehydration ensures plant tissue is hydrated enough for the synthesis of photosynthetic pigments, particularly carotenoid. The highest concentration of this pigment in plants irrigated with low water volume may be associated with photoprotection mechanism of the species, for this condition of reduced stomatal opening is a common occurrence of photoinhibition of photosynthesis and oxidative stress. Carotenoids are powerful pigments active in plant photoprotection, including deleted reactive species.
Si-treated and untreated plants showed similar results; however, in this study the element did not minimize drought damage. Nevertheless, the reduced transpiration rate in fully irrigated Si-treated plants in plants with Si under full irrigation may indicate that this mineral element exert important action on water status, albeit at different concentrations from those used in this experiment. Low transpiration in plants treated with silicon due to the formation of a silicon-cuticle double layer has been reported in the literature (Bukhari et al., 2015; Carvalho Junior et al., 2014.) This layer may have formed in the ground Si-treated Barbados nut plants, partially explaining the low transpiration rate observed. Most Si is incorporated into the cell wall and leaf surface and may have interfered in the production of epicuticular wax, thereby minimizing transpiration and contributing to reduced absorption and greater reflection of sunlight. According to Oliveira et al. (2003) and Salatino et al. (1998) , epicuticular wax plays a vital role in reducing transpiration and acts as a deterrent to leafcutter ants, given the increase in reflected sunlight. .14 a *significant at 5% and at **1% probability; ns = not significant according to the F test. Means followed by the same lower case letter in the column do not differ at 5% probability according to the Newman-Keuls test. .99** of Jatropha curcas plants irrigated water volumes corresponding to 0%, 25%, 50%, 75% and 100% of evapotranspiration and fertilized with 0 and 1 g L -1 of Si. *significant at 5% probability; **significant at 1% probability according to the F-test. .25 a *significant at 5% and at **1% probability; ns = not significant according to the F test. Means followed by the same lower case letter in the column do not differ at 5% probability according to the Newman-Keuls test.
Fig 2.
Regression equations for transpiration "E" [Y1=-20.75 + 3.59x, R²= 0.93** with Si; Y2=43.25 + 2.62x, R²= 0.88** without Si], carotenoids "F" (Y1= 0.78 -0.0012x, R²=0.99**), root mass ratio "G" [Y1=0.15+0.0003x, R²=0.93*and leaf mass ratio "H" (Y1= 0.20 -0.0008x, R²=0.99**), of Jatropha curcas plants irrigated water volumes corresponding to 0%, 25%, 50%, 75% and 100% of evapotranspiration and fertilized with 0 and 1 g L -1 of Si. *significant at 5% probability; **significant at 1% probability according to the F-test.
Materials and Methods

Plant materials
The experiment was conducted in a greenhouse with a transparent plastic roof and 50% shade cloth sides (Sombrite®) at the State University of Goiás, Ipameri Campus (Lat. 170 43' 19'' S, Long. 480 09' 35'' W, elevation 773 m), in Ipameri, Goiás. The region has a wet tropical climate (Aw), according to Köppen's classification system, with a rainy summer and dry winter. A completely randomized 5x2 factorial design was applied (plants irrigated every day with a water volume corresponding to 0, 25, 50, 75 and 100 % evapotranspiration and foliar feeding of Si at concentrations of 0 and 1 g L -1 , applied on April 29 and May 6, 2016, in a volume of 30 ml/plant/application), with four repetitions and one plant per pot. Since the crop coefficient (kc) for Jatropha curcas has yet to be determined for the Ipameri region (GO), a kc of 1.00 was applied in accordance with the FAO-56 estimate (Allen et al., 1998) for a group of crops in the initial growth stage. The volume of water provided was estimated based on the reference evapotranspiration and crop coefficient. Crop evapotranspiration was determined using the equation: ETc = ETo x kc Where: ETc = crop evapotranspiration kc = crop coefficient ETo = Reference evapotranspiration Daily ETo was calculated by the FAO Penman-Monteith method (Smith et al., 1991) using the daily data on minimum and maximum temperature, relative humidity, solar radiation and wind speed obtained from the INMET Weather Station located in the municipality of Ipameri, GO.
Drought stress treatment was imposed on April 29, 2016, when the plants were 60 days old, and lasted 13 days. Next, the following parameters were analyzed: plant height, stem diameter, number of leaves, leaf area, total transpiration, relative water content, electrolyte leakage, photosynthetic pigments, root, stem and leaf mass ratios, root length and total biomass.
Growth and physiological variables
The number of leaves were counted and leaf area was calculated by measuring the length and width of all the leaves, in line with the recommendations of Severino et al. (2006) . Root diameter and length were measured using a digital caliper and graduated ruler. For destructive testing, the roots, stems and leaves were separated and dried in an oven at 72º C until constant dry weight and then weighed. The dry weight data were used to calculate the root mass ratio (RMR), stem mass ratio (SMR), leaf mass ratio (LMR) and total biomass. Total daily plant transpiration was determined by the difference in weight of the pots. First, each pot was placed inside a plastic bag attached to the stem of the plant with a rubber band, leaving only the aerial parts (stem and leaves) exposed. Next, the pot (and bag) was weighed at 12pm (weight 1) and then again 24 hours later (weight 2). Total transpiration was estimated based on the difference between weight 1 and 2.
In order to calculate relative water content, ten 14mm-wide leaf discs were collected, weighed and immersed in distilled water for 8 h in Petri dishes. Next, the discs were weighed and dried at 70º C for 72 hours. The membrane permeability of leaf tissue was assessed using an adaptation of the methodology described by Vasquez-Tello et al. (1990) and Pimentel et al. (2002) . In each repetition 15 leaf discs were collected from fully expanded leaves and submerged in 30 mL of distilled water in amber glass bottles for 24 hours, at room temperature, in the dark. After this period, conductivity (SC, µS/cm) was measured using a CD-880 handheld conductivity meter. Next, the bottles were placed in an oven for 1 hour at 100 °C and total conductivity was measured (TC, µS/cm). The results obtained were used to calculate the electrolyte release rate.
In order to determine chlorophyll and carotenoid content, three leaf discs (14 mm in diameter) with a known leaf area were collected, placed in a mortar with a pinch of CaCO 3 and sand containing around 5 mL of 80% acetone and ground under green light. The extract was filtered directly into a 25 mL balloon covered with aluminum foil and the volume was completed with acetone solution. Aliquots were removed for spectrophotometric readings at 470, 646.8 and 663.2 nm. Chlorophyll a (Chl a), chlorophyll b (Chl b) and chlorophyll a + b (Cl a + b) concentrations were determined according to Lichthenthaler, (1987) .
Statistical analysis
Statistical analyses used a completely randomized 5x2 factorial design with four repetitions. Differences between the treatment means were analyzed using Newman Keuls test at 5% probability. Linear and quadratic regression analyses were also conducted and the coefficient of determination was obtained by dividing the regression sum of squares by the treatment sum of squares. All statistical analyses were performed using SISVAR software (Ferreira, 2011) .
Conclusion
The Si doses used in this study did not minimize the effects of drought in Jatropha curcas plants. Jatropha curcas plants are drought tolerant, capable of delaying tissue dehydration and partitioning assimilates for root growth, as well as increasing leaf carotenoid content.
